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offset  of  ahct-psoaing  prior  to  a sod  bakiagafter  chroma  plating 
A3BI  V3V0  stsel  wi  investigated  at  strs&gth  la  rale  up  to  295*000  pel. 

It  was  found  that  this  treatsent  had  excellent  tecsficlal  affects  on  the 
fatigue  Units  of  chrow  platsd^O  steal  at  aU  the  strength  lav.le 
likely  to  fea  used  in  aircraft  construction. 

It  was  determined  that  there  vats  no  relationship  between  the  fatigue 
limits  and  any  of  the  other  aacfeanical  properties  of  tfco  plated  steel. 

In  the  coco  of  tbs  unplated  steel,  it  was  established  that  there  was  a 
definite  straight-lias  functional  correlation  between  the  fatigue  Unit 
to  elastic  limit  ratios  end  the  tensile  strength  levels  of  the  steel. 
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I.  DKBODUCTIOS 

1*  To  ooot  tin  strength  requires® ate  of  sobs  materials  application 
in  the  aircraft  lad  us  try,  efforts  bare  been  aade  to  util  its  the  potential 
advantage  of  the  relatively  high  strength- weight  ratio  of  alloy  steels  by 
heat  treatment  to  strength  levels  above  200,000  pel,  and  more  nearly 
approaching  300,000  pel.  However,  Increasing  the  strength  of  important 
steel  component  aircraft  structure o beyond  the  custoeaary  upper  limit  of 
200,000  psi  has  introduced  problems  of  hydrogan  embrittlecant  and  reduced 
fatigue  life-  whenever  such  high -strength  steel  carts  have  been  chrome 
plated  by  the  standard  electroplating  practices.  The  basic  objective  of 
this  project,  authorised  by  reference  (a),  was  to  determine  certain 
specific  offocts  of  plating  on  high  tensile  strength  steels  which  affect 
the  serviceability  of  aircraft  parts. 

2.  Available  data  on  steels  of  lover  strength  Indicate  that  shot- 
paening  prior  to  plating  will  reduce  the  extent  of  fatigue  damage  r aused 
by  chrome  plating,  and  that  halting  will  somewhat  reduce  the  embrittle  - 
oent  effects  of  hydrogen.  Accordingly,  Chrtmiua  Plating  Specification 
QQ-C-J20  has  been  amended  to  require  that  steel  parts,  Rockwell  CUO 
hardness  and  above,  which  are  critical  in  fatigue,  sh.*J_L  be  shot-peened 
prior  to  «rl  baked  after  chrome  plating,  to  develop  optimum  strength 
characteristics  in  plated  high-strength  steel  parts. 

3.  It  was  not  known,  however,  at  what  strength  level  above  220,000 
pal  the  new  requirement  in  'the  spec  if  icatioe  would  insure  avoidance  of 
serious  eahri ttlement  effects  and  fatigue  damage.  The  purpose  of  this 
facet  of  tlv  project,  authorised  by  refers  nee  (b),  m to  d.  teraine  what 
quantitati'"''  effects  shot-peenlng  prior  to  and  baking  after  chrome 
plating  hat1.  the  fatigue  Limits  of  AI8I  U3I0  steel,  heat  treated  to 
strength  lev  Is  up  to  29^,000  psi. 

U.  Reference  (b)  further  suggested  that  there  might  b»  a possible 
correlation  between  the  elastic  strength,  as  steasured  by  the  repeated 
load  method,  and  the  fatigue  limit  . As  an  additional  facet  of  this 
project,  then,  a rather  cursory  investigation  was  conducted  to  detoraiu 
wisether  there  might  be  a significant  correlation  between  the  elastic 
strength  and  the  fatigue  limit  of  plated  and  unpiatoa  13^  steel  of 
different  atrengta  levels. 

K,  WitetABT  OF  RgfjUI/T. 

1.  It  vas  quantitatively  determined  that  chroae  plating  had  a deleteri- 
ous effect  on  the  fatigue  limits  of  the  U3UC  steel,  ranging  from  a reduction 
of  betwoer  55$  and  22#  of  tha  fatigue  limits  of  thebasle  mtal.  The  amount 
of  fatigus  da85as>;  varied  with  tha  strength  level,  being  great  •»!  at  the 
lower  strength  level  less  at  tha  intermediate  strength  levels,  and  increased 
again  at  tha  highest  strength  level.  However,  it  was  found  that  shot- 
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penning  prior  to  nod  baking  after  chram  plating  bad  excellent  beneficial 
affects  oq  tbs  fatigua  Holts  of  this  steel  at  all  the  strength  levels 
likely  to  be  eaeoanhered  in  aircraft  construction.  8 hot-pea niog  and 
baking  increased  fatigus  lisdt*  of  the  plated  specimens  to  values 
exceeded  those  of  the  base  ratsl*  and  increased  the  finite  life  to  an 
even  greater  extent. 


2.  There  proved  to  ^ a definite  linear  relationship  between  the 
fatigue  Unit  to  elastic  limit  ratios  of  the  unplated  steel  and  the  tensile 
strength  levels  investigated,  but  no  other  relationship  to  any  of  the  other 
aeahanlcal  properties  was  ascertained.  In  the  case  of  the  plated  steel* 
no  correlatin':'  at  all  was  obtained  between  the  fatigue  and  elastic  Halts 
or  any  of  the  other  nechaaical  properties. 


1*  fisa  results  of  this  invs  station  clearly  ^sgteslse  tte  kofi- 
fiei&l  sf facts  that  m#  tea  darived  by  ohot-paening  prior  to  e&rsess  pl&tiag 
eM  sutessquaat  baking  of  c hm*&  plat®&  hif'te  straagtb  ota«X  parte 
in  ovsreossisg  loos  In  fati^us  strength  duo  to  tbs  pitting.  ..  met  this, 
it  nay  be  concluded  that  all  chros*  pi&tsd  high  strength  steel  parts, 
which  are  used  in  applications  where  high  fatigue  strength  or  unlimited 
life  are  design  criteria,  should  b®  sfeot-pwmd  prior  to  end  bated  after 
chrcssa  plating. 

£.  It  was  ascertained  that  there  was  a linear  correlation  between 
the  ratios  of  the  fatigue  limit  to  Mas/  elastic  limit  and  the  teas  He 
strength  levels  of  the  unplated  ^340  steel,  “tbs  re  vara  no  otter  relation- 
ohipa  revealed  between  tte  fatigue  limits  and  any  of  tte  otter  saefeaniesd 
properties  of  either  the  plated  or  unplated  steea1 

iv.  nmimmwnm, 


1.  It  is  strongly  recoEsanlad  that  there  be  strict  adterenee  to  the 
require  aamt*  of  AasadKcnt  I of  Chrce&ua  Plating  Specification  Qfy*C-320 
that  plated  parts  vhlch  have  a hardness  of  Rcctessll  C40,  car  above,  which 
are  designed  for  unlimited  life  under  dynamic  loads,  be  shot-peened 
prior  to  plating  and  tasted  after  plating. 

2.  It  is  reccaseaded  that  additional  stud.len  be  initiated  in  tte 
following  areas  to  supplement  the  limited  work  dcoe  and  reported  herein: 

a.  A cos(prt<hac*>ivn  study  of  the  relationship  of  t tea  fatigue 
and  elastic  limits  of  a variety  of  steels  at  different  tensile  strength 
levels; 


b.  Tte  probable  beneficial  effect  of  "coaxing"  on  tte  fatigua 
properties  of  c hr  css  plated  steals; 

c.  Tte  offset  of  shot-peening  uftsr  plating  on  tte  fatigue 
properties  of  f hresa  .luted  high  strength  steels. 
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1 - S-R  Curves,  180,000  psi  Strength  Level 

2 - S-R  Curve#,  235,000  p«i  Strength  Level 


3  - 8-H  Curves,  255,000  pel  Strength  Level 
U - S'H  Curves,  295,000  pel  Strength  Level 

5 - Fatigue  Lislts 

6 - Fatigue  Strengths  at  10^  Cycles 

7 - S-R  Curves,  295, opo  psi  Strength  Level,  Effects  of  8 hot  Penning  - 

Before  and  After  Plating 

8 - Mechanical  Properties  of  the  Plated  Steel 

9 - Mechanical  Properties  of  the  Bare  Steel 

10  - Ratio  of  Fatigue  Limits  to  Other  Mechanical  Properties  - Platad  Steel 

11  - Ratio  of  Fatigue  Limits  to  Other  Mechanical  Props rtie  i - Bare  Stael 
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Daecriptloo  and  feat  Method 


tlss  ualsrlal  used  vu  froa  a cooks  rcial  to  at  of  A1SZ  4J40  steel 
•sa cs  with  HZL-S-500QA,  noting  the  rs gulteae rrta  shown  beJxw: 


G&rbon 

• 3B/>3 

Mangane**-- 

.60/.80 

1'bospborus 

.040  Max. 

Sulphur 

.040  Max. 

Silicon 

•20/ .35 

Fickal 

1.65/2.0 

Chrowiwe 

.70/.90 

Kolybdenua 

.20/. 30 

2,.  The  steal  vma  norualtaed  at  1600*F  for  30  el  antes,  austenitised 

c 152  !!■  !y  fear  one  hour,  oil  guano  had, 

and  than  taapaied  for  ora  hour  at 

ha  ts'isparaturea  shown  below  for  the 

correspond  ins  strength  levels. 

Ctren&th  Levele/kai 

Tbaparing  Tbape return® 

175-185 

1000* F 

230-2^0 

735*F 

250-260 

630*F 

285-300 

k00*F 

3*  3hct- peeked  species na  wart  penned  in  an  alrlaaa  blast 
:9ing  3-110  teat- -mated  ataal  abort  to  produce  a unif 
an  arc  height  of  A2-.OOST  to  .010". 
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V,  3 p?)  cine  ns  were  cbrona  pin  tad  at  a currant  de&alty  of  2 aaparaa/ 
square  inch  for  tiro  hours.  Tba  ratio  of  cbraaic  acid  to  sulptetn  *xx  the 
ckroaiusa  plating  bath  wa a 100  to  1;  33  ounces  of  chroalc  aoid  to  tba 
gallon  was  used.  The  batb  te up* return  was  aaiatainad  at  131*F  * 1", 
with  air  agitation.  Tbaaa  plating  ccnditioos  raaultad  in  a plating 
thicknasa  of  0*002",  with  a tolaranca  of  -0.000 5”  ♦ 0* 

5.  buklne  of  apse leans  consisted  of  haating  at  375*  F * 25*  for 

3-1/2  hours.  The  fatigua  evaluation  vu  parfor— d using . stanrlard  rotating 
bean  type  fatigue  Machines.  Tba  usual  operating  procedures  ware  followed 
of  subjecting  s pa c la* os  to  successively  lover  values  of  stress  aaddbturain 
lng  tba  nutter  of  cycles  to  failure,  until  a stress  level  was  reacted  at 
which  tba  apeciaana  did  not  fracture  in  a given  masher  of  cycles,  20 
aim  or.  cycles  in  this  investigation.  Control  apeciaana  we  ground  and 
highly  polished.  \ 

6.  Tba  fatigue  evaluation  consisted  of  establishing  8-5?  curve  a for 
steels  hast  treated  to  obtain  four  different  strength  levels,  cvoh  strangt 
level  Involving  curves  fox'  each  of  six  groups,  as  follows! 
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1.  Central  - basis  metal 
2 ♦ Chrome  plated 
3.  Chrome  plated  end  baked 
k,  Shst-psened 

5*  Shot- pea  ned  and  c krone  plated 

6.  fi hot -pa-3 ood,  chrome  plated  and  baked 

7.  In  connection  with  the  fatigue  evaluation,  rather  brief  and 

; rclinin&ry  in’sw  situations  v®re  nade  of  the  following  areas  of  interest: 

a.  £->1  curve  of  m&chined  specimens  compared  to  that  of  ground 
e Ixsarts , both  group#  highly  polished; 

h.  Effect  of  sbot-peening  after  plating  on  the  fatigue  properties 
c. if  chroaa®  plated  steel; 

c.  Effect  of  "coaxing"  unpeened  c hr  one  plated  specimens  on  the 

fatigue  props I'tiee. 

8.  The  elastic  limits  of  the  different  strength  level  steels  mm 
dste.-Tsined  using  standard  .505"  tensile  spec  ins  ns  which  were  initially 
highly  polished.  Using  standard  techniques,  two  laldwin  strain 
gages,  Type  A-3#  were  attached  on  opposite  tides  of  the  pigs  length  of 
each  specimen.  The  strain  gages  were  connected  In  series  to  give  average 
readings.  A duplicate  unstressed  specimen  with  strain  #ges  was 
utilised  to  provide  temperature  compensation.  As  the  tests  progressed; 

It  was  observed  that  there  was  considerable  slippage  of  the  ■ train  gages 
with  application  of  high  loads.  This  was  attributed  to  the  high  degree 
of  polish  on  the  gage  section  of  the  epee  lee  ns.  It  was  found  that  If 
the  surfaces  of  the  highly  polished  specimens  were  roughened  slightly  by 
vapor  blasting  prior  to  the  attachment  of  the  gages,  the  gage  slippage  wee 
completely  eliminated. 

9*  Values  of  the  elastic  Unit  are,  of  course,  arbitrary  in  nature 
and  depend  upon  the  Magnitude  of  the  permanent  eat  established  as  a 
standard,  of  whies  there  seems  to  be  a great  lack  of  iinif amity.  Values 
of  tha  elastic  limits  vary  greatly  with  the  sensitivity  and  accuracy  of 
the  testing  and  strain  measuring  equipment,  eccentricity  of  loading  and 
other  factors.  For  the  purpose  of  this  evaluation,  the  requirements  of 
the  Federal  Test  Method  Standard  lo.  151  were  used  as  a criteria  for  the 
determination  of  the  elastic  limit,  which  la  defined  there  lo  m tv* 

■axlnua  stress  which  causae  a permanent  set  equal  to  or  greater  V-hau 
0,000030  inch  per  inch  of  gago  length  upon  complete  r»lse~e  of  Load. 

10.  A predetermined  load  of  approximately  20£  of  the  ejected  elastic 
limit  was  applied  several  tinea  to  coalition  the  strain  gr\ger , which 
stabilise  the  ope  ration  and  reduced  the  tendency  of  the  gages  to  fail 
to  return  to  the  initial  taro  after  removal  of  the  first  load.  In  making 
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strain  ssaivreianta,  tfes  initial  and  final  strain  readings  atxsv  r$xr>  *1 
of  test  load  ware  tales n using  a ese.ll  load  of  '^out  200  Its*,  instead 
of  sero  load.  Strain  readings  vers  recorded  e\  load  and  after  reaoval  of 
load,  by  balancing  tfcs  straf-n  indicator.  Cycles  of  loading  vera  repo&ted 
with  successively  higher  loads  in  increnents  of  $000  lbs.,  until  a Hl&ght 
set  was  observed,  end  then  loading  proceeded  In  wall  increments*  of  1000 
lbs.,  and  later  $00  lbs.,  as  the  elastic  Halt  was  approached* 

11.  After  the  elastic  Halt  dstemin&tlons  were  soda ■■  tea  SR -4  strain 
gages  were  removed  free  the  specimens  and  the  usual  enginsi’rlng  tensile 
data  were  obtained  using  the  standard  autographic  methods. 


of  Results 

A.  Minimisation  of  the  Adverse  Sf facts  of  Chrome  Plating  on  the 
Fatigue  Life 

1.  For  the  purpose  of  discussion,  the  different  strength  levels 
ware  qualitatively  classified  on  the  basis  of  the  average  of  the  strengths 
of  three  tensile  specimens  of  the  unplated  steel.  On  this  basis,  the 
results  of  tha  fatigue  evaluations  are  shown  graphically  to.  Plates  1 to  4, 
inclusive,  for  the  l80  ksi,  83$  ksl,  255  ksi  and  295  ksl  strength  levels, 
respectively.  Tfcs  usual  amount  of  fatigue  scatter  vas  obtained,  but  in 
the  interest  of  clarity,  tha  individual  test  plots  are  not  shown  on  the 
graphs.  Ths  da  tailed  evaluation  test  results  are  listed  in  tabular  fora 
In  Appendix  1,  Tables  1 to l,  Inclusive,  for  tha  l8o  ksl,  235  ksi,  255  ksl, 
anu  295  ksi  strength  levels,  respectively. 

2.  On  Plate  5 are  shown  the  relative  values  of  tbs  fatigue  Halts 
obtained  for  the  various  groups  of  spec  leans,  ae  affected  by  the  different 
surface  treatasnts.  Tha  fatigue  Halts,  based  on  20  million  cycles  of 
repented  stress,  are  susaartsed  below,  for  each  strength  level,  toga that 
with  a comparison  of  the  valus  of  t!vs  fstigre  limit  o?  each  group  to  ita 
control: 


Patlgus  Liaits 


Strength  Level,  ksi 

180 

235 

g 

55 

295 

ksi 

i 

ksi 

* 

ksi 

$ 

fesi 

$ 

Control 

84 

100.0 

96 

10C.0 

90 

100,0 

97 

100.0 

Plated 

38 

45.2 

76 

77.6 

77 

78.6 

48 

49.5 

Plated  end  bated 

59 

TC.o 

75 

30.6 

76 

77.6 

48 

49.5 

Sbot-peemd 

91 

1.08.3 

101 

103.1 

tnc> 

104.1 

98 

101.0 

Sfeot-Tieet&ru  and  plated 

82 

97.6 

102 

104.1 

97 

9 9.0 

90 

91.8 

Shot~pe«aed,  plated 

95 

113.1 

103 

105.1 

99 

101.0 

1<X 

103.1 

MS  feUC  4 

9m  mi 
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3.  In  similar  fashion,  the  valuta  of  the  fatigue  strength  at  100,000 
cycle? 3 *r3  shewn  in  graphical  fora  on  Plate  6 and  are  suaanrized  helm  for 
each  strength  level,  togsther  with  a comparison  of  the  valuss  of  hi* 
fatigue  strength  of  each  group  to  its  control: 

Fatigue  Strengths 


Strength  hovel,  kgl  l80  23$  2$$  295 


ksi 

$ 

ksi 

$ 

ksi 

i 

ksi 

i 

Control 

109 

3.00 

117 

100 

125 

100 

133 

100 

Plated 

70 

64.2 

94 

80.3 

95 

76.0 

72 

54.1 

Plated  and  Baked 

82 

75.2 

100 

85.5 

89 

71.2 

76 

57.1 

Shot-pas ned 

115 

105.5 

133 

113.7 

135 

108.0 

155 

116.5 

Sfeoi-poervsd  and  plated 

104 

95.4 

120 

102.6 

132 

105.6 

135 

101.5 

Shot-poen**1.,  plated 

112 

102.8 

130 

111.1 

141 

112.8 

139 

104.5 

and  bakau 


4.  rraz,  an  examination  of  tha  tabulated  and  graphical  presentation  of 
ths  data,  the  following  con'  lusions  say  he  deduced  concerning  the  effects 
of  the  various  trsatasnts  *,n  the  fatigue  limit*  of  4340  steel  at  different 
strength  levels. 

a.  Fatigue  liait  values  of  the  base  Metal  increased  with  ultimate 
strength  up  to  a certain  point  and  then  leveled  off.  Other  investigators 
have  in  fact,  found  that  at  the  higher  strength  levels,  the  fatigue 
limits  actually  decrease  with  increased  tensile  strength.  This  would 
Indicate  that  there  is  nothing  to  be  gained  in  going  to  an  extr— mly  high 
strength  level  solely  in  attempts  to  obtain  increased  fatigue  limits  for 
the  base  metal.  Eowever,  in  the  event  that  structures,  ouch  as  aircraft 
landing  gears,  are  designed  on  tha  basis  of  static  strength,  then  it 
would  be  advantageous  to  go  to  a higher  strength  level  since  tha  fatigue 
limit  would  be  sossvhat  equivalent  to  that  of  the  same  structure  designed 
on  the  basis  of  a lower  static  strength. 

V».  It  vas  quantitatively  determined  that  chroma  plating  has  a 
deleterious  effect  on  tha  fatigue  life  of  steel,  the  f mount  of  damage 
depending  upon  the  strength  level  of  the  steel.  It  was  found  that  the 
percentage  of  reduction  ic  fatigue  limit  was  greatest  at  the  lower  strength 
level,  not  aa  great  at  the  intermediate  strength  levels,  and  i.  crossed 
again  at*  the  higher  strength  level. 

c.  B*Mng  after  plating  nod  considerable  beneficial  effects  at 
the  lower  strength  level,  but  its  effects  were  negligible  at  tha  higher 
strength  levels,  although  in  no  case  were  any  harmful  effect®  noted  as  a 
result  of  lathing. 

d.  Shot-peetiing  increased  the  fatigue  limits  of  the  base  oatol 
in  ai  1 c ai 20 , tha  amount  depending  upon  the  strength  level  of  the  steel. 
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® ^’;G^r  ^owaant  occurring  at  tbs  lower  strength.  3ljj.ce  shob-peenlnf? 
w^exnxsmnto  arc  a result  of  the  combination  of  cold  working  and  tho 
infiwcfcas  of  cospresisiva  residual  str.seee  on  the  turf  ace , the  greater 
tooffflcial  sf facts  at  tbs  lower  strength  level  are  probably  due  to  tbs 
Greater  muaepfciblllty  of  the  lower  strength  steel  to  cold  working.  Sven 
tteib  the  increase  in  fatigue  limits  of  the  base  metal  at  sob*  strength 
lovele  ttia  slight,  m © result  of  shot-peenlng,  in  all  cases,  the  increase 
in  fin its  life  tm©  considerable. 

e.  Shot-psening  prior  to  plating  was  extra aely  beneficial*  at 
tJjzsa  even  increasing  tbs  fatigue  limits  of  plated  epeclmena  to  values 
above  tto89  of  the  basis  natal,  and  Increasing  the  finite  life  to  hi  even 

greater  proportional  extant. 


f.  Baking  specimen!  (after  plating)  that  had  been  rbot-peoned 
prior  to  plating  ms  beneficial  in  all  cases , to  the  extent  that  specimens 
undergoing  sbot-psaning  prior  to  and  baking  after  platlim  had  fatigue 
limits  that  exceeded  those  of  the  base  metal. 

To  euanarlsc  the  results  of  this  phase  of  the  investigation,  It  ms 
found  that  shot-peening  prior  to  and  baking  after  chrome  plating  ha  d 
excellent  beneficial  effects  on  the  fatigue  limits  of  4340  steal  at  all 
the  strength  levels  likely  to  be  used  in  aircraft  construction.  The 
findings  of  this  investigation  offer  significant  evidence  to  substantiate 
the  requirement  of  Amendment  1 of  Specification  Q(l"C*320  that  el  1 chrome 
plated  steels  which  are  designed  for  unlimited  Ufa  under  djmmmlc  loads 
be  shot-peened  prior  to  and  baked  after  chrome  plating. 

5.  An  economical  and  unique  method  of  fabricating  rotating  beam 
fatigue  specimens  had  been  developed  at  the  Aeronautical  Materials  Laboratory 
which  Involved  grinding  of  specimens.  It  was  coos  ids  red  desirable  to 
continue  to  use  this  rapid  fabricating  technique  in  the  evaluation  of  the 
effects  of  shot-peening  and  baking  on  the  fatigue  properties  of  the  4340 
steel  studied  In  this  investigation.  However,  it  had  been  reported  by 

an  airframe  manufacturer  that  grinding  had  an  adverse  effect  oo  the 
fatigue  properties  of  high  strength  steels.  In  order  to  confirm  this, 
a group  of  machined  specimens  at  the  265-300  ksl  strength  level  was 
checked  against  a group  of  ground  specimens  and  the  results,  shown  In 
Table  4,  indicate  a slight  superiority  of  1000  psl  In  the  fatigue  limit 
of  the  e^vchined  specimens,  a difference  well  within  the  scope  of  experi- 
mental error. 

6.  It  Is  believed  that  reduction  in  fatigue  limit  in  the  grinding  of 
high  strength  tteel  parte  may  have  been  simply  due  to  unfavorable  grinding 
conditions;  that.  Is,  improper  abrasive,  heavy  grinding  cute,  unsuitable 
coolants,  etc.  Under  controlled  laboratory  conditions,  using  proper 
abrasive,  coolant  and  taking  light  grinding  cuts,  such  as  were  ut Hired 
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In  this  investigation,  It  vu  found  that  there  vu  no  significant  dlifferen»s 
in  th*  fatigue  properties  of  the  ground  and  mcbined  stool  spec  last#. 

7*  Instance*  bnv»  boon  reported  in  torn  of  tbs  literature  where 
shot-peenlng  spscinsns  after,  instead  of  before  pitting  bad  greatly 
increased  tbe  fatigue  life  of  nickel  plated  steels.  In  consideration  of 
this  possibility  occurring  with  chroaw  plating,  two  groups  of  cpecimns 
at  the  295  ksi  strength  level  were  shot-penned  after  chrome  plating  and 
fatigue  tested.  The  detailed  test  results  are  listed  in  Table  5,  end  shown 
graphically  on  Plate  7 together  with  curves  of  speclnens  peened  before 
plating.  A senary  and  comparison  of  the  effects  of  shot-peenlng  before 
and  after  plating  and  eubee quant  baking  is  sham  below: 

Condition Fatigue  Llmlt/ksl  Control 


Control 

Sbot-peened  and  plated 
Skot-peened,  plated  and  baked 
Plated  and  sbot-peened 
Plated,  shot-peensd  and  bated 


97 

100 

90 

92.8 

1D0 

103.1 

99 

102.1 

102 

105.2 

Thus,  the  fatigue  Unit  of  spec  ins  m'>  pee  nod  after  plating  proved  to  bs 
about  10^  greater  than  that  of  specimens  peened  before  plating.  In  order 
to  determine  what  effects,  if  ary,  shot-peenlng  after  plating  had  on  the 
corrosion  resistant  properties  of  the  chrome  plated  steal,  a masher  of 
each  type  of  broken  fatigue  speclnens  were  subjected  to  salt-spray  corro- 
sion testa.  It  was  observed  that  the  least  corroded  of  tbs  speclnens 
tested  were  those  pee ned  after  plating,  these  speclnens  having  less  than 
20$  of  the  surface  corroded  in  115  hours.  Speclnens  revealing 
effect  of  corrosion  were  those  ahot-pasnrd  before  plating,  these  speclnens 
showing  ho  to  6<$  of  the  surface  corroded  after  1 hour  and  60  to  ID Oft 
corroded  after  115  hours.  A detailed  chart  of  the  effects  of  surface 
treatments  00  the  corrosion  resistant  properties  of  these  special ns  is 
shown  in  Thhls  6 and  are  aumearicsd  be  lea?  in  a deroeddlng  order  cf  merit: 

1.  Plated  and  Peened 

2.  Plated,  Peened  and  Bated 

3*  Plated  and  Bated 

k.  Plated  only 

5.  Peened,  Plated  and  Baked 

6.  Peened  and  Plated 


t 


1 

•s 


"i. 

* 


8.  In  addition,  microscopic  axasi&atii as  were  soda  of  several  of  tha 
epeciBann  to  determine  what  physical  effects  shot-peoning  after  plating 
bod  on  the  chroess  plating  itself.  There  eeensd  to  be  very  little  difference 
between  tea  appearance  of  the  chrooiua  coatings  of  the  apecinons  efeoi-pstmad 
before  or  after  plating.  Feening  after  plating  would  have  a tendency  to 
Bininlee  the  stress  concentration  effects  by  rounding  off  the  may  zsor.ro- 
scopic  cr&eka  that  uro  praoen*  on  the  surface  of  on  elactrodapcaitsd  hard 
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chroalua  plavc.  Penning  mid  appear  to  piece  the  surface  of  the  plating 
in  a state  of  coapressive  rasidsal  starts* , both  changes  being  conducive 
to  iaprovsd  fatigue  properties.  For  tte  ease  reasons,  improved  corrosion 
res intones  cad  s trees  corrosion  resistance  could  be  expected  frew  tbs 
specimens  peensd  after  platings 

9*  Fro*  this  limited  investigation,  it  would  seen  that  ccaa  id*  ration 
could  be  given  to  tbs  possibility  of  shot-peening  parts  in  service  that 
had  been  susceptible  to  fatigue  failure  because  of  reduced  fatigue  proper- 
ties due  to  cbrone  plating.  Sued  parts  could  be  removed,  ebot-peenad 
(vitbout  stripping  tbs  plating)  and  re-installed  with  a cdnlaua  of  incon- 
venience. Where  rubbing  surfaces  are  factors,  these  surfaces  could  be 
smoothed  by  the  boning  process  which  treatment  in  itself  is  conducive  to 
improved  fatigue  properties. 

10.  It  is  a well  known  fact  that  reoar table  increases  in  the  fatigue 
strengths  and  fatigue  Halts  of  virgin  steel  eay  be  obtained  by  the 
"coaxing  process."  The  "coaxing  process"  involves  repeated  unde rrfcra using 
for  10  million  cycles  at  a level  Just  below  the  fatigue  Halt,  followed  by 
a few  ailllon  cycles  at  each  of  a series  of  higher  stresses,  increased  in 
gradual  steps.  However,  no  work  on  the  effect  cf  the  "coaxing  process"  on. 
the  fatigue  properties  of  chrome  plated  steel  is  known  to  have  been  published. 
In  order  to  obtain  scene  data  which  would  be  of  academic  Interest  end  possible 
future  practical  use,  a number  of  cbrone  plated  specisens  were  subjected 
to  the  "censing  process".  This  was  done  in  a rondos  and  very  restricted 
fashion,  since  the  number  of  speciasns  for  the  basic  project  itself  was 
Initially  Halted.  Specimens  that  proved  to  have  uni  ini  ted  life  ware 
subjected  to  increasing  a trace  in  incranonts  of  3000  pel  and  run  for 
5 ailllon  cycles  at  each  stress  level  until  fracture  occurred.  The  highest 
stress  sustained  by  the  speciasns  without  fracture  was  defined  as  the  new 
coaxed  fatigue  linlt.  Rather  interesting  results  vara  obtained  as 
follows: 


Fatigue  Limits, 

Unplated  Steel 

Virgin 

Shot -Pee  tsed 

Coaxed* 

_ -engtb  Level/ksi  ksl 

ksl 

$ Inc. 

ksl 

$ Inc, 

A 

6h 

91 

8.3 

93 

10.7 

235 

96 

101 

3.1 

100 

2.0 

255 

96 

102 

L.l 

103 

5.1 

295 

97 

98 

1.0 

107 

10.3 

Fatigue  Limits, 

, Plated 

Steel 

Virgin  Shot -Pee or 4 Ceased* 


Vs  I 

Err 

TTSST 

ST 

flncT 

lfiO 

30 

82 

115.6 

56 

^7.3 

235 

76 

102 

3U.2 

81 

6.6 

255 

77 

97 

26.0 

66 

11.7 

295 

U6 

90 

87.5 

77 

60,  k 

•’■AveraQ:  of  2 specisens 
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Correlation  of  Fatigue  and  Blaatic  Limits 

le  A previous  inve»ti«*tion  conducted  at  the  Massachusetts  Institute 
of  ftcfcaology,  reference  (cj,  Indicated  that  there  sight  be  a significant 
correlation  between  the  elastic  limits,  manured  by  the  repeated  load 
method,  and  the  fatigue  Unite  of  scae  steels*  If  li  is  assusnd  that 
fatigue  damgs  occurs  when  nlnute  plastic  deformation  tains  place,,  it 
would  eeen  reasonable  that  fatigue  Unite  and  elastic  Unite  night  be 
related,  since  the  elastic  Units  obtained  by  repeated  loading  warn 
also  date  mined  on  the  basis  of  minute  plastic  deformation. 

2*  Since  a considerable  amount  of  effort  had  already  been  expended 
in  establishing  pertinent  rotating  bean  fatigue  data  on  the  4340  steels, 
at  a number  >?  stretch  levels,  an  atteapt  was  node  to  determine  whether 
a correlation  existed  between  the  values  of  the  fatigue  Units  of  the  bare 
and  plated  Metals  and  their  elastic  Unite.  It  was  recognised  that  the 
value 4 of  the  rotating  bean  fatigue  Units  (complete  reversal  of  stress ) 
would  be  lowtr  than  the  direct  stress  fatigue  Halts  (.cero  alnlaua  to 
naxlaum)  and  that  the  latter  would  core  nearly  simulate  the  loading 
cycles  used  for  elastic  Unit  determinations.  It  was  further  recognized 
that  it  is  quite  probable  that  there  night  be  a correlation  variation, 
other  then  quantitative,  due  to  the  different  Methods  of  stressing;  that 
le,  the  rotating  bean  specimens  were  subjected  to  flexure  stress  whereas 
tits  tensile  specimens  were  subjected  to  direct  stress.  However,  due  to 
tins  and  financial  limitations,  it  was  decided  to  forego  at  this  tine  the 
sore  logical  correlation  evaluation  between  elastic  Units  and  direct 
stress  fatigue  Units,  both  of  which  use  the  same  type  of  loading  in  their 
determination. 

3*  In  the  Investigation  conducted  at  the  Massachusetts  Institute  of 
Technology,  previously  mentioned,  at  tines,  residual  negative  (compressive) 
strains  appeared  after  unloading  at  loads  below  the  clastic  Unit.  In 
such  caseo,  the  elastic  limit  was  defined  as  the  stress  at  which  the 
residual  strain  continued  to  increase  in  the  positive  direction  with 
repeated  application  and  removal  of  the  earns  load  at  which  the  initial 
small  increment  of  strain  was  first  observed.  After  considerable  study, 
these  investigators  believed  they  were  Justified  in  adopting  this  as  a 
general  criterion  for  elastic  limit  determination.  Although  no  negative 
strains  were  observed  in  the  conduct  of  this  evaluation  at  the  Aeronautical 
Materials  laboratory,  several  specimens  were  evaluated  using  tbs  method  of 
Mr,  Averbach  and  Cohen  and  reasonable  agreement  was  obtained  with  the 
values  determined  by  using  as  a standard  the  0.000030  Inch  per  inch  of  gage 
length  as  a permanent  net  criterion  for  the  elastic  limit. 

4,  ft©  complete  data  on  the  mechanical  properties  of  the  various 
strength  level  steals,  based  on  an  average  of  three  test  spa  cleans  in  tbs 
plated  and  bare  conditions,  cure  listed  in  detail  in  Table  6,  and  are 
Buaearieed  tslov: 
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Platfcd  Mgtai 


Strength 

Level/ 

kei 

Tbnelle 

Strength/ 

ksl 

Yield 

Strength/ 

ksl 

Proportional 

Llmit/ksi 

Elastic 

Limit/ 

kai 

Fatigue 

Limit/ 

ksl 

180 

181.0 

175.0 

155.0 

1*7-5 

*8.0 

235 

233.2 

213-5 

188.5 

14*.  7 

76.0 

255 

258.2 

230.0 

196.5 

1*2.9 

rr.O 

295 

292.8 

217.6 

159.5 

130.0 

*8.0 

Bare  total 


Strength 

Level/ 

ksl 

Te  belle 
Strength/ 
ksl 

Yield 

Strength/ 

ksl 

rroporticaal 

Limit/ksl 

Elastic 

Limit/ 

ksl 

Fatigue 

Limit/ 

&0I 

180 

181.8 

173.5 

15*.2 

136.7 

64.0 

235 

236.0 

215.5 

197.3 

1*7.6 

98.0 

255 

251*2 

225.1 

205.* 

1**.2 

98.0 

295 

296.7 

221.* 

16.1.* 

137.3 

97  0 

5.  The  above  data  am  shown  graphically  far  tba  plated  and  bare  steels 
In  Plates  8 and  9,  respectively.  It  is  apparent  fro*  an  exsminatlon  of 
both  the  tabular  and  graphical  data  that  liter*  le  no  direct  linear 
correlation  batmen  the  fatigue  limit  sad  t my  >wa  of  the  other  mechanical 
properties.  However,  the  elastic  limit  zewui  to  offer  the  beet  potential 
as  the  basis  for  the  correlation  of  the  fatigus  limit  to  any  single 
mechanical  property,  the  curve  of  the  elastic  limit  more  nearly  coinciding 
with  that  of  the  fatigue  limit. 

6.  Tba  same  data  as®  eusaarited  below  in  torus  of  the  ratio  of  th? 
values  of  tbs  fatigue  limits  of  the  plated  and  bare  steels  to  the  values 
of  the  atL«r  nachanlcal  properties,  on  a comparison  basis: 


1 BO  kai  23?  ksl  2??  ksl  295  kai 


Bare 

Plated 

Bare 

Plated 

Bare 

Plated 

Bare 

Plated 

Ultimate 

Strength 

.*6? 

.210 

.*15 

.325 

.390 

.298 

.327 

.16* 

Yield 

Strength 

.*8* 

.217 

.*55 

.356 

.*35 

.335 

.*38 

.221 

Proportional 

Limit 

.5*5 

.*97 

.*03 

.*77 

.392 

.600 

.300 

Slaatic 

Limit 

.61* 

.258 

.66* 

.525 

.680 

• 53,9 

.706 

.369 
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7.  graphically,  tbs  ratios  of  tbs  fatigue  limits  to  the  otbsr 
wcbanieal  properties,  for  the  plated  aad  bare  1*31*0  steels  of  different 
strength  levels,  is  shown  on  Plates  10  and  11,  respectively*  Since  this 
evaluation  Is  concerned  only  with  the  possible  correlation  of  the  fatigue 
limits  with  the  other  mechanical  properties,  discussions  concerning  the 
variation  of  mechanical  properties  themselves  with  either  hardness  or 
tampering  temperature  are  not  pertinent  at  this  time* 

6.  In  the  case  of  the  plated  steels,  there  is  no  tvldence  of  any 
correlation  between  the  fa+4.»ae  limits  and  any  of  the  other  mechanical 
properties  of  the  plated  steels.  From  a a examination  of  Plate  11,  it 
appears  as  1*  dmn  is  a definite  straight  line  functional  correlation 
tetwsen  the  ratios  of  the  fatigue  limits  to  the  elastic  limit  and  the 
different  strength  levels  of  bare  1*31*0  steel  studied  in  this  investigation, 
but  no  correlation  is  indicated  with  tbs  other  mechanical  properties  of 
ths  here  steel. 

9*  A simple  mathematical  equation  may  be  developed  to  show  the  re- 
lationship of  the  ratios  of  the  fatigue  limits  to  the  elastic  limits  at 
the  various  strength  levels  for  ths  unplatsd  steels,  as  follows: 

R - 0.0008  T.S.  ♦ 0.1*70 

R is  the  ratio  of  the  fatigue  limit  to  the  elastic  limit 
T.S.  is  the  tensile  strength  of  the  steel  in  ksi 


10.  Prom  tbs  above,  the  fatigue  limit  for  any  strength  level  of  the 
basis  1*31*0  steel  c ould  be  predicted,  if  the  elastic  limit  wore  first 
determined  by  the  repeated  load  method,  as  described  herein.  Determina- 
tion of  ths  elastic  limit  is  relatively  fast  and  inexpensive  «s  compared 
to  ths  standard  procedure  for  determining  ths  fatigue  limits. 

11.  It  must  be  emphasized  that  the  scope  of  this  investigation  was 
exploratory  in  nature,  and  was  intended  merely  to  ascertain  whether  there 
existed  some  sort  of  correlation.  By  its  very  limitations,  the  investiga- 
tion precluded  the  study  of  a variety  of  steels,  the  use  of  the  more 
sensitive  but  tins  constating  Tuckeraan  gegee,  and  the  testing  of  large 
quantities  of  specimens  for  proper  statistical  analysis.  If  further 
investigation  along  these  lines  is  contemplated , it  would  be  desirable 

to  examine  a number  of  steels,  using  Tuc iceman  gages,  and  testing  a 
sufficient  ntshsr  of  specimens  to  give  significant  statistical  meaning 
to  the  results. 
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1110,000 

5b, 000 

120,000 

27,000 

120,000 

*7,000 

110,000 

1*1,000 

105,000 

93,000 

110,000 

93,000 

100,000 

668,000 

95,000 

277,000 

105,000 

275,00C 

95,000 

5T0,000 

90,000 

28b, 000 

100,000 

*39,000 

93,000 

790,000 

85,000 

3*7,000 

97,000 

983,000 

92,000 

620,000 

83.000 

65*,000 

96,000 

2,567,000 

91,000 

27,000,000* 

82,000 

28,725,000* 

95,000 

22,000,000* 

8u«M>ry  of  Fatigue  fleet  Results 


Condition 


Bseis  Metal 
Plated 

Plated  and  Baked 
Shot- Pee  ned 
8bot~Feened  and  Plated 
Sbot-Peened,  Plated  and  Baked 


Fatigue  Halt /pel 

8b, 000 
38,00c 
59,«>o 

91.000 

82.000 
95,000 


' 

Fatima  Svmluatloo  Baceltk,  180  kal  Strength  Level 

m 

H 

Control 

Plated 

Plated  and  Baked 

Btreaa/pal 

Cycles 

8tre«e/pcl 

Cycles 

Strew/pel 

Cycle* 

120,000 

*1,000 

120,000 

11,000 

120,000 

17,000 

112,000 

65,000 

110,000 

21,000 

110,000 

*5,000 

105,000 

13*,000 

80, coo 

52,000 

70,000 

101,000 

97,000 

161,000 

65,000 

106,000 

65,000 

208,000 

90,000 

571,000 

50,000 

22*, 000 

62,000 

37*,00C 

87,000 

778,000 

*0,000 

*03,000 

61, 0CQ 

229,000 

85,000 

757,000 

39,000 

2*6-000 

60.000 

35.j26.ooo* 

83,000 

22, 28*, 000* 

33,000 

18, 010,000* 

60,000 

1,250,000 

8*, 000 

28,879,000* 

38,000 

27,976,000 

8bot~Psened, 

_ 

8hot>Peened 

Shot-Fcened 

1 

1 

Plated  and  Baked 

Streaa/yai 

Cycles 

Streaa/pai 

Cycles 

Btreaa/pai 

Cycle* 

^Indicates  no  failure 


APPSHD1X  1 
TABLE  1 


PART  Xllt 


Lon  Rosy 


Control 


Plated 


8tg^»«/pol  Cyclaa  Straaa/pai 


IM 


20,147,000* 


110,000 

105.000 

iC3,ooo 

102.000 
101,000 


1,316,000 

3.824.000 

1.383.000 

4. 917.000 
24,247,000* 


*55 

s 


18, 

38, 

82, 

89, 

158, 

183, 

19,995,000* 


Plated  and  Raked 


Straw /pal  Cycles 


100.000 


IMJ 

f!55i 


KX) 

OO 

38,864,000* 

20,096,000* 

76,000  20,020,000* 
76,000  26,661,000* 

79,000  25,632,000* 
79,000  66,293,000* 

Shot-Fee ned 

8hot-Peersed  and  Plated 

Shot-Fee ned. 
Plated  and  Baked 

120.000 


110.000 

105.000 

104.000 

103.000 

102.000 


Stress/pai  Cycle e 


163,000 

676.000 

948.000 

329.000 

65,688,000* 


110,000 

105.000 

104.000 

103.000 


Condition 


Fatigue  Llnit/pai 


Baals  Metal 
Pxatad 

Plated  and  Baked 
Sbot-Peensd 
Sfaot-Pocned  and  Plated 
Shot-Peer»4,  Plated  and  Baked 


98,000 

76.000 

79.000 

101.000 

102.000 

103.000 


*Indliste«  no  failure 


14©,<XX> 

130,000 

120,000 

110,000 

105,000 

100,000 

99.000 

99,000 

96.000 


31,000 

45.000 

81.000 

10.9.000 

966.000 

l,3*»6,ooo 

24,092,000* 

T3*,000 

31,181,000* 


120,000 

100,000 

85,000 

82,000 

80.000 

79.000 

78.000 
78,000 
77,000 
77,000 


34.000 

48.000 

178.000 

98.000 

195.000 

466.000 
20,841,000* 

1,176,000 

27,122,000* 

22,162,000* 


120,000 

100,000 

90.000 

85.000 

80.000 

78.000 

77.000 

77.000 

76.000 
76,000 


29,000 

90,000 

90,000 

128,000 

199.000 

275.000 
34,141,000* 

206.000 
39,874,000* 
26,128,000* 


Shot-Faened 


140.000 

120.000 
110,000 

107.000 

105.000 
103,600 

102.000 


55,000 

811.000 

511.000 

14.298.000 

13.914.000 

2.253.000 

22,479,000* 


Shot-Fee  eM  anti  Platad 


S$T222ZjZ2i  Cyclac  3toea»/i»l 


i4o,coo 

120,000 

110,000 

105.000 

100.000 

99.000 

98.000 

97.000 


45,000 

462.000 

411.000 

4.517.000 

4.722.000 

3.789.000 

2.472.000 

25,665,000* 


8hot*BMMd| 
Plated  sod  Baked 


Stoaee/pel  Cycle* 


140.000 

120.000 
110,000 
105,000 
100,000 
100,000 

99,000 


85,000 

1.129.000 

4.163.000 

9.439.000 

11.723.000 

12.195.000 

25.150.000  # 


8 wary  of  Fatigue  Sbat  Beeolta 


Coodltlca 


tstala  Ms  tel 
Plated 

Plated  and  Baked 
Shot-poened 
Shot-pseoed  and  Plated 
Stot-mened,  Pleted  mid  Baked 


98,000 

77.000 

76.000 

102,000 

97.000 

99,000 


*IMlcate«  go  failure 


APP2HDH  1 
TAILS  3 


AE  4110  ,41*4 

xm 


Fatigue  Evaluation  Results,  295  kel  Strength  Level 


Control 


Plated 


Plated  aad  Baked 


Streee/pcl 

Cycle e 

Stress /pel 

Cycles 

Stress/psi 

Cycles 

140,000 

49,000 

97,000 

29,  - .O 

97,000 

39,000 

135,000 

123,000 

90,000 

39,000 

60,000 

202,000 

130,000 

190,000 

80,000 

83,000 

50,000 

470,000 

125,000 

145,000 

60,000 

180,000 

49,000 

654,000 

115,000 

126,000 

50,000 

265,00 

48,000 

29,544,000* 

110,000 

341,000 

49,000 

3,496, CX 

105,000 

766,000 

48,000 

20,000/  J* 

100,000 

906,000 

48,000 

25,686  0* 

98,000 

13,850,000 

97,000 

28,432,000* 

97,000 

21,234,000* 

Shot- Pee ned, 

Shot-Peened 8hot-Peened  and  Plated  Plated  and  Bated 


Stress/psi 

Cycles 

Stress/psi 

Cycles 

Stress/psi 

Cycles 

155,000 

114,000 

140,000 

66,000 

140,000 

128,000 

145,000 

199,000 

120,000 

321,000 

120,000 

325,000 

135,000 

397,000 

110,000 

333,000 

110,000 

1,431,000 

110,000 

3,273,000 

100,000 

10,113,000 

108,000 

8,233, 000 

105,000 

5,727,000 

95,000 

3,029,000 

106,000 

5,499,000 

100,000 

8,785,000 

92,000 

2,070,000 

105,000 

4,158,000 

99,000 

11,801,000 

91,000 

18,132,000 

102,000 

12,160,000 

9/ GOO 

15,899,000 

90,000 

25,705,000* 

100,000 

33,000,000* 

98,000 

30,342,000* 

90,000 

22,981,000* 

Mac blued 


Stress/psi 

Cycles 

140,000 

34,000 

125,000 

85,000 

liO,OCO 

245,000 

APFEKDXX  1 

100,000 

2,159,000 

4 

99,000 

1,538,000 

(Page  I of  2 Pages} 

98,000 

27,758,000® 

98,000 

21,597,ggo* 

^Indicates  no  failure 


*mmx 


295  tali  g»WHjgl>  Ural  (CarUamd) 


* 


8u—ury  of  Pattern  test  jtewdts 


Condition 


Fatten*  Lla lt/pul 


Buis  tetal-  Macblnod  93,000 

Buis  MsteU  Ground  (control)  97,COO 

Plated  48,000 

riateu  and  BblKcu  43,000 

Sbot^ftoensd  96,000 

Shot«P*an*d  sod  Plated  90,000 

Shot^sensd,  Plated  and  Bated  100,000 


APFSSXX  i 
TABUS  4 

(Pass  2 of  2 P«c*«) 


Fatigue  Evaluation  Be suits,  295  leal  Strength  Level 
Peenlng  After  Chr-ona  Plating 


Plated  and  Shot-Pea  oed 


Plated,  Shot-Paencd  and  Bated 


Streaa/pal 

Cycle* 

Streaa/pei 

Cycles 

140,000 

171,000 

140,000 

179,000 

120,000 

433,000 

120,000 

1,862,000 

110,000 

2,082,000 

110,000. 

4,321,000 

105,000 

5,396,000 

107,000 

3,875,000 

104,000 

2,707,000 

106,000 

6,674,000 

103,000 

1,879,000 

105,000 

3,222,000 

102,000 

17,998,000 

105,000 

6,447,00" 

101,000 

8,427,000 

104,000 

17,470,000 

100,000 

15,869,000 

103,000 

9,978,000 

99,000 

20,853,000* 

102,000 

25,788,000* 

Summary  of  Fatigue  Vest  Be suits 

Condition 

Fatigue  Llmlt/psl 

Base  Metal 

jff,000 

Plated 

48,000 

Plated  and  Baked 

48,000 

Shot-Peened 

98,000 

Shot-Peened  and  Plated 

90,000 

Shot-Peened,  Plated  and 

Baked 

100,000 

Plated  and  Shot-Peened 

99,000 

Plated,  Shot-Peened  and 

Baked 

102,000 

APPENDIX  1 
a ABLE  5 


* Indicates  no  failure 


AS  1*110  Al-7 
FAR*  xin 


Results  of  Static  Strength  Ttest* 
All  Strength  Levels 


Ultimate  Strength/psi 

180  ksi  Strength  Level 
Bare  Steel 

Yield  Strength/psi  Proportional  Limit /pa* 

El&ctic  Limit /pel 

181,100 

173,500 

150,000 

137,500 

182,800 

173,500 

157,500 

135,000 

181,500 

173,500 

155, ,00c 

137, 500 

Avg.  181,800 

173,500 

I51*,l6? 

136,667 

180,500 

Plated  Steel 

175,000  157,500 

1^*7,500 

181,750 

175,000 

150,000 

11*7,500 

180,750 

175,000 

157,500 

11*7,500 

Avg.  181,000 

175,000 

155,000 

11*7,500 

Ultimate  Strength/psi 

235  ksi  Strength  Level 
Bare  Steel 

Yield  Strength/psi  Proportional  Limit/pai 

Elms tic  Limit/pai 

230, 7U0 

212,090 

188,970 

150,680 

239,690 

216,010 

?'.'1,1»00 

11*5,330 

237,600 

216,320 

201,400 

11*6,700 

Avg,  236,010 

215,1*73 

197,257 

11*7,570 

239,390 

Plated  Steel 

218,360  199,080 

li*l,8i*o 

11*5,620 

231,320 

211 , 510 

176,320 

231,21*0 

210,550 

168,210 

1U6,700 

Avg.  233,983 

213,1*57 

188,537 

li*l*,720 

APPENDIX  1 
TABLE  6 

(Page  1 of  2 Pages) 


n 


AS  4110 

part  mi 


Al-8 


255  ksi  Sfctingth  Level 
Bare  Steel 


Ultlmte  Strength/pBi  Yield  Strength/pei  Proportional  Liait/pai  Elastic  Llmlt/psi 


250,340 

251,830 

251,3^ 


226,450 

224.960 

223.960 


209,030 

209,030 

198,080 


Avg.  251,170 


225,123 


205,360 


146,800 

145,450 

11*0,350 

144,200 


Plated  Steel 


261,530 

251,630 

261,530 


231,810 

225,370 

232,600 


193,180 

196.130 

198.130 


146,000 

142,100 

140,690 


Avg.  258,230 


229,993 


196,^80 


142,930 


295  fail  Strength  Level 
Bare  Steel 


Ultlmte  Strength/psl  Yield  Strength/psl  Proportional  Llait/psl  Elastic  Limit/psi 


305,590 

283,950 

300,610 


223,960 

221,300 

218,900 


159,200 

166,730 

156,26c 


139,350 

142,130 

130,520 


Avg.  296,717 


221,387 


161,417 


137,333 


Plated  Steel 


285,420 

290,600 

3C2,40C 


217, eao 
215,650 
219,060 


Avg.  292,807 


217,597 


162,820 

157,880 

157,880 

159,527 


126,200 

130,7^0 

133,200 

130,046 


APPENDIX  1 
TABLE  6 
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AE  4U0 

?m*2  xm 


Al-9 


Evaluation  of  Corrosion  Resistance 


Hours  of  Salt  3pray 


Treatment 

No. 

1 

3 

k 

«** 

6 

23 

£> 

27 

43 

51 

n5 

135 

1*  Plated  and  Peened 

1»9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

49 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

50 

X 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

50 

1 

1 

1 

1 

1 

1 

1 

1 

1- 

1 

1 

2*  Plated,  Peened  and 

59 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Baked 

59 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

60 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

60 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

3 

3.  Plated  and  Baked 

73 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

73 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

7k 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

7k 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

4.  Plated  only 

69 

1 

1 

1 

2 

3 

3 

n 

3 

3 

3 

3 

6S 

1 

1 

X 

1 

2 

2 

2 

2 

2 

2 

2 

70 

1 

1 

1 

1 

2 

3 

3 

3 

3 

3 

3 

70 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

5.  Peened,  Plated  and 

XI 

1 

1 

1 

1 

2 

n 

*» 

2 

2 

2 

2 

2 

Baked 

XI 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

X2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

X2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

6.  Peened  and  Plated 

105 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

105 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

no 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

no 

3 

3 

3 

3 

3 

3 

1 

3 

3 

4 

4 

Rating  System 

Code 

Percentage 

of  t be 

surf  ace 

pitted 

or 

corroded 

1 0 to  eu 

2 20  to  40 

3 4o  to  60 

4 69  to  99 


APPENDIX  1 
TABLE  7 


